This paper examines whether the five BRICS countries share similar business cycles and determines the probability of any of the countries moving from a contractionary regime to an expansionary regime. The study further examines the extent to which changes in monetary policy affect industrial output in expansions relative to contractions. Employing the Peersman and Smets (2001) Markov-Switching Model (MSM) and monthly data from 1994.01-2013.12, the study reveals that the five BRICS countries have similar business cycles. The results further demonstrate that the BRICS countries' business cycles are characterized by two distinct growth rate phases: a contractionary regime and an expansionary regime. It can also be observed that the area-wide monetary policy has significantly large effects on industrial output in recessions as well as in booms. It has also been established that there is a high probability of moving from state one (recession) to state two (expansion) and that on average, the probabilities of staying in state 2 (expansion) are high for each of the five countries. It is, therefore, recommended that the BRICS countries should sustain uniform policy consistency (monetary policy), especially as they formulate and implement economic policies to stimulate industrial output.
Introduction
One of the characteristics of any economy is the recurrence of business cycles. This term refers to the pattern of expansion and contraction in economic activity about the path of trend growth in the economy (Harding, Pagan, 2002) . Long periods of expansion may create the impression that business cycles are a phenomenon of the past but experience teaches us that recessions are inevitable. According to Caraiani (2010) , recessions are most likely necessary periods of restructuring and reform, when boom misallocations are corrected. However, the way monetary policy affects economic activities (especially in the correctional process) has received increased attention in the literature through the analysis of business cycles (see Casares, 2001; Kim, 2003; Korenok, Radchenko, 2004) . Policymakers and academics alike have sought to understand the fundamental causal relationships between monetary policy actions and business cycles. For example, several studies have argued that monetary policy has more significant effects on output in a recession than in a boom (see Peersman, Smets, 2001; Peersman, Smets, 2005) and can foster economic growth in the short run (see Adejare, 2014) . Huber and Fischer (2015) concur and state that the effects of monetary policy are stronger in recessions, whereas the responses are more muted in the medium and long-term expansionary phases of the business cycles due to the price effect.
In contrast, Tenreyro and Thwaites (2015) found strong evidence that the effects of monetary policy on real and nominal variables are more powerful in expansions than in recessions. However, Garcia and Schaller (2002) have shown that an expansionary monetary policy (reduction in interest rates) will lower output in both a recession and an expansion.
In view of these divergent views, this study seeks to examine the effects of changes in monetary policy in booms versus recessions on industrial output in Brazil, Russia, India, China and South Africa, a group of emerging market economies (EMEs), generally referred to as the BRICS.
To the best of the researchers' knowledge, this is the first study to jointly estimate and compare the effects of changes in monetary policy in booms versus recessions on industrial output in the BRICS countries. In addition, no study has jointly determined the probability of moving from one regime (recession) to the other (expansion/boom) as well as establishing how long, on average, a particular regime will last. Therefore, this study provides an up-todate analysis of the nexus among the effects of monetary policy and industrial output in booms versus recessions in the BRICS economies.
Various shifts in the conduct of monetary policy have occurred in the BRICS countries over the past four decades. Although these have taken diverse forms, the shifts have been towards more systematic rules and less discretion in the conduct and implementation of monetary policy.
Some countries, including Brazil, India and South Africa, have officially adopted inflation targeting. Hutchison et al. (2013) have shown that other EMEs (including Russia and China) have adopted systematic rules that de facto define the conduct of the central bank's operating instrument using interbank interest rates. They have also highlighted official commitment to complete the shift towards a floating exchange rate system and inflation-targeting regime. Rose (2007) contends that the adoption of systemic rules focusing on inflation or the shift towards inflation targeting regimes, either implicitly or explicitly, has generated a new monetary system that is more stable than those previously adopted such as the fixed exchange rates system and exchange rate targeting.
For a central bank to direct the economy towards a more sustainable growth path, it is important to understand the fundamental behaviour of business cycles. This is based on the assumption that policymakers will discern where the economy is located and more importantly, where it is heading in order to deal with possibly adverse future economic events. When the economy has reached or is heading in an undesirable direction, economists or policymakers may apply monetary policy tools to redirect its course. Economic indicators such as GDP (in particular, industrial output) and the inflation rate are indicators of business cycles.
Theoretical studies have developed optimal monetary policy rules, and empirical studies have investigated uncertainty as a potential driver of business cycles (see Taylor, 1993; Faia, 2008; Binici, Erol, Özlü, Ünalmış, 2013; Fendoğlu, 2014; Grimme, 2015; Chuliá, Guillén, Uribe, 2015) . Taylor's (1993) optimum monetary policy rule is formulated on the premise that the United States (US) Federal Reserve Bank adjusts the policy rate in response to past inflation and the output gap (actual minus potential output). He showed that this rule described the Bank's policy and how it performed from 1987 to 1992. Using a sticky price Dynamic Stochastic General Equilibrium (DSGE) model, Faia (2008) provides formal justification for following a Taylor-type rule in which the optimal monetary policy design is based on both constrained and global Ramsey policies. Many studies have subsequently applied the Taylortype optimal monetary policy rule to study business cycles and examine the behaviour of central banks in industrialized countries (see Clarida, Gali, Gertler, 2001; Lin, Ye, 2007) , while several others have applied the same approach to EMEs (see Gonçalves, Salles, 2008; Lin, Ye, 2009 ). Gonçalves and Salles (2008) survey of 36 EMEs found that the 13 countries that have adopted inflation targeting experienced low inflation and a greater decline in growth volatility, which helped to smoothen and stabilize their business cycles.
Objectives of the Study
Given the foregoing context, this study investigates whether the BRICS countries share similar business cycles. This is achieved with the following four broad objectives:
-to investigate monetary policy regime changes in the BRICS countries, -to determine the effects of changes in monetary policy during booms versus recessions on industrial output in the BRICS countries, -to determine the probability of moving from one monetary policy regime to the other, -to determine how long, on average, a regime will last given that an economy of any of the BRICS countries is in regime 1 (recession) or regime 2 (boom).
The Theory of Business Cycles
This study is rooted in the pure monetary theory due to its optimum rule that best fits Taylor's (1993) optimum monetary policy rule that was adopted in this study to explain the BRICS economies' business cycles. The theory takes into consideration the monetary and credit system of an economy to analyse business cycles because the literature has identified the credit channel as one of the transmission mechanisms through which monetary authorities drive economic growth (see Mishkin, 1995; Zhensheng, 2002) . Hawtrey (1927) propounded this theory in 1927 where he postulated that changes in money flows in an economy cause fluctuations in the level of economic activities. Thus, the theory posits that business cycles are a consequence of fluctuations in the monetary and credit markets as credit expansion helps to expand economies. Another reason for the adoption of this theory is that Hawtrey (1927) employed trade cycles to explain that business cycles are a purely monetary phenomenon because aggregate demand is itself a monetary phenomenon and credit greases the economy to stimulate growth (Kelly, O'Malley, 2014) . This is in line with the BRICS countries' agenda of partnering for trade, integration and industrialization (see Chun, 2014) in order to achieve economic growth.
Fluctuations in bank credit and the supply of money are the main causes of business cycles (Schularick, Taylor, 2012) . Following an increase in money supply, price rises, total output and profits increase, and the economy enters an expansion phase, at least in the short run. On the other hand, if the supply of money falls, prices also fall, profits decline, total output falls as industrial production becomes sluggish, and the economy enters a contractionary phase.
The principle factor behind money supply is credit created by the banking system.
The economy discerns the upswing with the expansion of bank credit and continues to expand as long as the banks create credit. The banks expand the credit facility because they find it profitable to offer credit at a relatively lower interest rate since the risk of default is relatively lower at such rates. This encourages entrepreneurs to undertake productive activities and enjoy the benefits of bank credit.
As the process of credit expansion continues, the general price level increases and after reaching a certain limit, the rate of increase in aggregate demand exceeds the increase in aggregate supply. Aggregate supply increases at a lower rate because of limited production capacity and the gestation period of new investments. Consequently, credit expansion helps to accelerate the economy while at the same time putting upward pressure on prices.
Finally, at some point, the banks might restrain credit expansion at the prevailing rate because their cash and reserves are depleted due to the increase in loans and advances, withdrawal of deposits for quicker returns and reduced inflow of deposits, among others. With the contraction of credit, businesses can no longer obtain bank credit to expand their business activities. Expansion slows, marking the beginning of a downswing. These processes of money supply and credit creation provide an understanding of the fundamental behaviour of a business cycle in the economy.
Methodology
To achieve the stated objectives, this study employs the Markov-Switching Model (MSM) for each country i, out of n countries (five BRICS countries). The MSM is a model of asset returns that incorporates stochastic volatility or variation components of heterogeneous durations.
It captures the effects of switching from one regime (recession) to another (expansion) over time. The model compares favourably with standard volatility (shock) models such as GARCH (1,1), EGARCH and APARCH as well as VAR and SVAR.
The MSM is employed in this study because it has several advantages. First, the model is able to capture the effects of monetary policy on industrial output in the five BRICS countries under consideration as employed by Peersman and Smets (2001) for the seven Euro area countries. Second, compared to the VAR approach used in Dedola and Lippi (2000) and Hayo and Uhlenbrock (2000) , the MSM is superior because of its specification simplicity that allows for changes in mean and variance. In addition, the model is able to test the probabilities of being in a recession or an expansion or whether monetary policy has stronger effects on industrial output in recessions than in expansions (see Garcia, Schaller, 2002) . This means that the MSM approach makes it easy to distinguish between business cycle phases (Medhioub, 2015) . Furthermore, the MSM can allow for multiple breaks and can detect outliers in time series data (Hamilton, 1989) .
MSM also allows us to analyse the effects of BRICS countries' changes in monetary policy in booms versus recessions on industrial output. This study considers this approach suitable not only because it resembles the various policy regime shifts in the BRICS countries' fiscal and monetary policies, but also because the fiscal and monetary policies in these countries are well coordinated through participation and consultations in various annual summits that include the meetings of heads of state, finance ministers, national security advisers, agricultural, trade and industry, foreign affairs and health ministers, science and technology senior officials, BRICS competition experts, and businessmen generally, among others.
Suppose that the MSM for the BRICS countries is given as:
where:
Δy i,t is the monthly industrial output in each country i; , t i s µ is the mean growth rate conditional on country i being in state s t . In this model, we assume that the state of the economy is identical in each of the n countries. Following Hamilton (1989) , we assume that the autoregressive parameters (Ø 1 , Ø 2 ) are independent of the state or regime and the country. s t is assumed to follow a two state Markov chain with the following transition probability matrix: 00 01 10 11
where P 00 is the probability that the series is at state 0 (recession) at time t and remains at state 0 at time t + 1, P 01 is the probability that the series is at state 0 at time t and transitions to state 1 (expansion or boom) at time t + 1, P 10 is the probability that the series is at state 1 at time t and transitions to state 0 at time t + 1, and P 11 is the probability that the series is at state 1 at time t and remains in state 1 at time t + 1. Formula 3 can further be described by:
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Formula 4 shows the probability of transitioning (moving) from state j to state i. Following
Peersman and Smets (2001), we assume that these transition probabilities are constant over time and take the following logistic form:
[ ]
Formula 5 is the probability that the series is at state 0 (recession) at time s t and remains at state 0 at time s t+1 while formula 6 is the probability that the series is at state 1 (expansion or boom) at time s t and remains in state 1 at time s t+1 . We define
 as a vector of observations on output growth (see Peersman, Smets, 2001) . This model implies that the conditional density function takes the form:
where: 
Formulas 7 and 8 are transitional matrices (Ø 1 and Ø 2 are parameters) as given in the conditional density function (see Peersman, Smets, 2001 , 2005 where we also obtain a sequence of conditional probabilities Pr( | ), t t r t s i s j + = … =∅ which are the probabilities that the series is in state i or j at times t, t + 1, until t + r respectively, conditional upon the information available at time t. Ω denotes series capturing the denominators for formulas 5 and 6 in state i or j at times t, t + 1. By summing these joint probabilities, we can obtain the filtered probabilities, which are the probabilities of being in state 0 or 1 at time t, given the information available at time t as:
These probabilities in formula 9 provide information about the regime in which the series is most likely to have been at every point in the sample (constant expected duration).
Does monetary policy change the likelihood of an expansion during a recession?
Following Schaller (1995, 2002) and Dolado and Maria-Dolores (1999) 
In order to isolate the effect of monetary policy on the transition probabilities from the linear effect examined above, we constrain the coefficients to be equal to zero as in formula 1.
Based on formulas 10 and 11, we would expect Ø 00 to be the probability of staying in a recession, and Ø 01 to explain the probability of moving from recession to boom. In contrast, Ø 10 shows the probability of moving from a boom to a recession and Ø 11 is the probability of staying in an expansion (boom). MP t is the monetary policy indicator in recession or an expansion.
How long on average will this regime last?
In order to develop the industrial output effects of monetary policy in the BRICS countries in booms (expansions) versus recessions, this study follows Peersman and Smets (2005) to estimate for each country i using the linear MSM regression equation given as: is a reduced-form Markov-Switching output formulation that is estimated in this study in line with Peersman and Smets (2001) .
Definition of variables, data and data sources
Industrial output (IP) is the contribution of the industrial sector's output to GDP. This is used to examine how monetary policy affects industrial sector performance in the BRICS countries as the sector provides a locus to stimulate the growth of the economy. In this study, the role industry plays in stimulating the economy is further elaborated in line with Elbourne and De Haan (2006) . Money supply (MS) is the entire stock of currency and other liquid instruments in each country at a particular time. M2 is employed in this study in line with Ngalawa and Viegi (2011) for all the BRICS countries except India where M3 is used due to the non-availability of M 2. Interest rate (IN) is the real repo rate set by the central bank of each individual country as a monetary policy indicator (see Disyatat, Vongsinsirikul, 2003; Iturriaga, 2000) and will enable us to assess the process through which it is used to counter inflation and manage the movement (2006) and Sims and Zha (2006) we estimated monetary policy shocks in a multivariate MSM using monthly data from 1994-2013 for each of the BRICS countries, in order to determine whether the BRICS countries shared similar business cycles. The use of monthly frequency data for the estimation has the advantage of allowing for higher degrees of freedom that enables better estimates for each country.
Estimation Results

Following Schaller and Norden (1997), Hardy (2001), Alvarez-Plata and Schrooten
As is shown in Figure 1 , the MSM reveals that the BRICS countries have similar business
cycles. The results demonstrate that these countries' business cycles are characterized by two distinct growth rate phases: a recession regime and an expansion growth rate regime as opposed to some countries with three growth rate phases: a recession regime, a moderate growth regime and a high growth regime (see Medhioub, 2015) .
It can be observed that economic activity, which shifts from one process to another, is governed by the "latent state of two regimes". The trends in Figure 1 show that the business cycles in BRICS countries are common and similar. They can be traced from a recession to a trough before the economy picks up in an expansionary phase (and verse versa). These results are similar to Hutchison et al.'s (2013) finding that the conduct of monetary policy over business cycles can be characterized by two regimes.
Based on the second objective of this paper, the study further employs the MSM to determine the probability of moving from one regime to the other and how long, on average, each regime will last. 
. Cycles in BRICS Countries
Source: author's computations using data from each country's Central Bank's statistical bulletins and Statistics Offices. Table 1 provides estimates for the Brazilian economy. This study reports the probabilities of being in regime 1 (recession) or shifting to regime 2 (expansion or boom). A change in monetary policy using interest rates and money supply significantly affects industrial output as shown by the statistically significant coefficients. This indicates that the countrywide monetary policy has effects on industrial output both in a recession and in a boom. Using the log (sigma), the value of 22.0675 shows that the economy is less likely to be in regime 1 (recession) than regime 2 (expansion/boom) as shown by the coefficient value of 22.5168. This result indicates that the likelihood of being in a boom or expansion is higher than the likelihood of being in a recession. In addition, Table 2 shows the transition probabilities of staying in a recession or an expansion. Based on these results, the probability value of 0.9158 is less than 0.9806, indicating that the probability of an economy staying in a recession is less than that of being in an expansion. The results, therefore, reveal that the economy stays more in a boom than it does in a recession in Brazil. This is further confirmed by the constant expected duration given in Table 3 . The table reveals that the total expected duration of staying in a recession is 11 months while that of staying in an expansion is 51 months. There is a high probability of transitioning from a recession to an expansion as shown by the probability value of 0.0194 in regime 2 (t) and the probability value of 0.0842 in regime 2 (t+2) (see Table 2 ). 
Results for Brazil
Results for Russia
Parameter estimates for the Russian economy are presented in Table 4 . The results describe the effects of a Russian monetary policy shock on industrial output in the country. There is a high possibility of being in regime 2 given the value of 22.8175 as against the possibility of being in regime 1 with the value of 22.0856. This result is similar to that of Brazil where it was found that the likelihood of being in a boom or an expansion is higher than the likelihood of being in a recession. The high likelihood of transitioning from a recession to an expansion is shown by the probability value of 0.0068 in regime 2 (t) and the probability value of 0.0554 in regime 2 (t+2) . Further justification for this is the result derived in table 5 where the transition probability of staying in a recession is less than that of staying in an expansion. Given these results, the probability value of 0.9446 of staying in a recession is less than the probability value of 0.9932 of staying in an expansion. This result reveals that the Russian economy is more likely to be in a boom than in a recession. The expected duration is shown in Table 6 . The table reveals that the total expected duration of staying in a recession is 18 months while that of staying in an expansion is 146 months. Source: author's computations using data from each country's Central Bank's statistical bulletins and Statistics Offices.
As an oil producing country, Russia is prone to global shocks and may stay more in a recession than Brazil. Oil prices are determined at the global market. On the other hand, the country may stay more in an expansion because it is more developed than Brazil and the economy is also well diversified. Russia is one of the largest manufacturers of military hardware (weapons of war) in the world.
Results for India
The results show that monetary policy in India has a significant impact on industrial production as revealed by the statistical significance of the parameter estimates shown in Table 7 . The table shows that the economy is likely to be in regime 2 given the regime value of 21.7339 as against the value of 20.7977 in regime 1. The likelihood of being in a recession is lower than the likelihood of being in a boom. Thus, there is a high possibility of switching from regime 1 to regime 2. This is further confirmed by the result derived from the transition probabilities where the economy is less likely to stay in regime 1.
In Table 8 , the probability value of 0.8902 is less than the probability value of 0.9916. This
indicates that the probability of staying in a recession is less than that of staying in an expansion.
This shows that the economy stays more in an expansion than in a recession in India. It is further observed that there is a high probability of transitioning from a recession to an expansion as shown by the probability value of 0.0084 in regime 2 (t) and that of 0.1098 in regime 2 (t+2) . Table 9 shows the expected duration. The total expected duration of staying in a recession is 9 months while that of staying in an expansion or boom is 119 months. As a member of BRICS and as the second largest telecom producer in the world, India stays less in a recession than
Brazil and Russia. The country also stays more in a boom than Brazil but slightly less than Russia. This finding is similar to Aradhna (2014) who confirmed the possibility of an increase in the industrial (manufacturing) share of GDP in India. Naude et al. (2013) also confirmed that the manufacturing or industrial sector's share of employment in India and China had expanded and accounted for a significant part of aggregate growth (boom). Source: author's computations using data from each country's Central Bank's statistical bulletins and Statistics Offices.
Results for China
China is the most populous country in the world with a population of 1.36 billion and is the second largest manufacturer of goods in the world after the US. Its vast resources and geographical location create a strong market advantage. As is shown in table 10, monetary policy in China has a significant impact on industrial production both in a recession and in a boom and there is high possibility of staying in regime 2 with a value of 24.8687 against that of 24.2218 in regime 1. The likelihood of transitioning to and staying in regime 2 is higher than the likelihood of staying in regime 1. This is confirmed by the result derived from the transition probabilities where it is observed that China is less likely to stay in regime 1 (see Table 11 ). There is a high probability of transitioning from a recession to an expansion as shown by the probability value of 0.0125 in regime 2 (t) and that of 0.2882 in regime 2 (t+2). The transition matrix also reveals the probability value of 0.9875 of staying in regime 2 as compared to that of 0.7118 of staying in regime 1. This points to the fact that the probability of staying in a recession is less than the probability of staying in an expansion or boom in China. The total expected duration of staying in a recession in China is 3 months while the likely expected duration of staying in an expansion or boom is 80 months (see Table 12 ).
China has the second largest economy in the world after the US; the country is well diversified; and it remains the most industrialized among the BRICS members. Naude et al.
(2013) also confirm that the manufacturing or industrial share of employment in China has expanded and accounts for a significant part of the country's aggregate growth (boom). 
Results for South Africa
In South Africa, the findings of the MSM show that monetary policy has a significant impact on industrial production both in a recession and in a boom. The results of the analysis in Table 13 show that monetary policy instruments significantly impact industrial output in the country. As is shown in Table 14 , the possibility of staying in regime 2 (expansion or boom) is higher than that of staying in regime 1 (recession). The likelihood of transitioning from a recession to an expansion is shown by the probability value of 0.0250 in regime 2 (t) as against that of 0.0258 in regime 2 (t+2) . The economy is less likely to stay in regime 1 given that the probability value of 0.9750 in regime 2 is higher than that of 0.9742 in regime 1. This finding is in line with Baxter (2008) and Padayachee (2010) that revealed that South Africa weathered the 2008 global recession despite being a small, open economy.
Overall, the results show that the probability of staying in regime 2 (boom) is higher than that of staying in regime 1 (recession). In addition, the probability of shifting from regime 1 to regime 2 is high and the economy also lasts longer in a boom than in a recession. 
Conclusion
This paper examines the effects of changes in monetary policy in booms versus recessions on industrial output in each of the BRICS countries, determines the probability of moving from one regime to another, and estimates how long, on average, each regime will last. The findings reveal that the BRICS countries have similar business cycles. This finding is of interest because it suggests that in a large open economy like the BRICS group of countries, cyclical differences have not been an important factor in the quest to develop the bloc along areas of common interest. The study also finds evidence that monetary policy has significantly larger effects on industrial output in recessions than in booms. In addition, it is found that there is a high probability of moving from state 1 (recession) to state 2 (expansion) but a relatively low probability of moving from state 2 (expansion) to state 1 (recession) for all the countries.
Finally, the study estimates how long, on average, each regime will last. It was found that, on average, the probabilities of staying in state 2 (boom) are higher than those of staying in a recession for all the five countries. The results for all the countries point to the fact that the probability of staying in a recession is less than that of staying in an expansion or boom. Owing to the number of distinctive characteristics of the BRICS economies, Kutu and Ngalawa (2016) reveal that the "BRICS countries are moving towards an inflation targeting/floating exchange rate system (similar monetary policy regime shifts); the adoption of countercyclical monetary and fiscal policies as against the previous procyclical or acyclical policies; are prone to the same external shocks due to the dominant influence of the US Dollar on their economies (Adler, Tovar Mora, 2012) and are EMEs with a per capita income lower than the average per capita income in the G7 countries (Calderón, Yeyati, 2009 )". These distinctive characteristics are also consistent with the findings of this study, hence, may have informed their establishment of the BRICS' Development Bank as an alternative source of funds to the IMF and World Bank in their expedition to develop the bloc. Therefore, it can safely be recommended from the findings that the BRICS countries should sustain uniform policy consistency (monetary policy), especially as they formulate and implement economic policies to stimulate industrial output.
